We investigated differences between field-study classrooms and traditional science classrooms in terms of the learning environment and students' attitudes to science, as well as the differential effectiveness of field-study classrooms for students differing in sex and English proficiency. A modified version of selected scales from the What Is Happening In this Class? (WIHIC) questionnaire was used to assess the learning environment, whereas students' attitudes were assessed with a shortened version of a scale from the Test of Science Related Attitudes (TOSRA). A sample of 765 grade 5 students from 17 schools responded to the learning environment and attitude scales in terms of both their traditional science classrooms and classrooms at a field-study centre in Florida. Large effect sizes supported the effectiveness of the field-studies classroom in terms of both the learning environment and student attitudes. Relative to the home school science class, the field-study class was considerably more effective for students with limited English proficiency than for native English speakers.
traditional or formal school setting (Dhingra 2003; Falk and Adelman 2003; Falk and Dierking 2002) .
Many researchers, curriculum developers and teachers consider that the most neglected of all the learning environments in science teaching is the outdoor environment (Orion and Hofstein 1994) . Research indicates that teachers often avoid the outdoor learning environment because they are not comfortable with the field trip experience (Fido and Gayford 1982; McKenzie, Utgard and Lisowski 1986) . Orion, Hofstein, Tamir and Giddings (1997) suggest that, because of the lack of understanding of the outdoors as an effective learning environment, outdoor education is in a neglected state. However, Soper (2009) tentatively suggests that a movement has started to integrate informal education and formal education to benefit learners in science education.
We investigated whether field-study classrooms, emphasising environmentbased and constructivist, hands-on education, could promote positive attitudes and provide a positive learning environment for the study of environmental education for grade 5 students in Miami-Dade County Public Schools, Miami, Florida. The study took place at the Marjory Stoneman Douglas Biscayne Nature Center for Environmental Education (BNCEE) on Key Biscayne, Florida. The study investigated not only whether a field-based classroom could provide a positive learning environment, but also whether students developed positive attitudes towards environmental science. We explored differences in students' perceptions of the learning environment and attitudes between traditional classrooms and field-study classrooms.
This study also focused on two specific populations, females and Limited English Proficient (LEP) learners, and whether the field-study centre was differentially effective for different students according to their sex and English proficiency. Our specific research questions were:
1.
Are modified scales from the What Is Happening In this Class? (WIHIC) and
Test of Science Related Attitudes (TOSRA) valid and reliable when used with 5 th grade students in field-study science classrooms?
2. Are there differences between field-study classes and home school science classes in terms of (a) learning environment and (b) attitudes to science?
3.
In terms of learning environment and attitudes to science, are field-study classes differentially effective for (a) males and females and (b) LEP and nativeEnglish speakers?
Our study is significant within the field of learning environments because very little prior research has investigated the efficacy of informal settings, such as fieldstudy centres, using learning environment criteria. Therefore, another associated contribution of this study is that we modified a frequently-used questionnaire for assessing formal learning environments and cross-validated it with a relatively large sample of students attending informal field-study classes. Finally, our study is unusual in that it investigated the differential effectiveness of field-study classes for different subgroups of students (namely, males vs. females, and LEP vs. native English speakers).
Background
This section describes the background for this study, including a description of tools used for the assessing the learning environment with the What Is Happening In this Class? (WIHIC) questionnaire and attitudes towards science with the Test of Science Related Attitudes (TOSRA). Brief consideration also is given to Limited English Proficient (LEP) learners and gender issues in science education.
Field of learning environments
Traditionally, most research in education research has focused mainly on student achievement criteria. However, many researchers now evaluate the learning environment to which students are exposed and explore how students feel about the classroom atmosphere (Fraser 2012 (Fraser , 2014 . As a result of students' exposure to more favourable learning environments, student achievement and attitudes also are likely to improve according to much prior research (Chionh and Fraser 2009; Fraser and McRobbie 1995) .
Much research has been dedicated to studying students in science and mathematics courses and their responses to their learning environments (Aldridge and Fraser 2008; Fisher and Khine 2006; Fraser 1986 Fraser , 2012 Fraser , 2014 Fraser and Walberg 1991; Khine and Fisher 2003) . However, there has been little research on how the learning environment can influence the learning, achievement, and attitudes to science among students in multi-disciplinary science courses such as environmental science.
There are many different questionnaires that can be used to evaluate the learning environment and these have been cross-validated and used extensively by researchers throughout the world (Fraser 1998a (Fraser , 1998b (Fraser , 2012 Brekelmans 2005, 2012; Wubbels and Levy 1993) . In Australia, Fraser and colleagues also initiated programmatic research which initially focused on student-centred classrooms and use of the Individualised Classroom Environment Questionnaire (ICEQ) (Fraser 1990; Fraser and Butts 1982) .
The Science Laboratory Environment Inventory (SLEI) is specifically intended for assessing science laboratory classes at the high school and higher-education levels (Fraser, Giddings and McRobbie 1995; Fraser and McRobbie 1995; Fraser, McRobbie and Giddings 1993; Lightburn and Fraser 2007) . Although this instrument appeared potentially useful for our study, there was no separation of lecture and laboratory time at the field-study classroom.
The Constructivist Learning Environment Survey (CLES) enables researchers and teacher-researchers to monitor the development of constructivist approaches to teaching and learning school science and mathematics (Taylor, Fraser and Fisher 1997) . The CLES was developed to assist researchers and teachers to assess, reflect, and modify teaching practices consistent with constructivist epistemology (Koh and Fraser 2014; Nix, Fraser and Ledbetter 2005) .
The What Is Happening In this Class? (WIHIC) questionnaire is a combination of scales from a wide range of existing questionnaires and can be used for secondary students. The WIHIC was developed initially by Fraser, Fisher and McRobbie (1996) to measure high-school students' perceptions of their classroom environments. Since its development, the WIHIC has been used to measure the psychosocial aspects of the classroom learning environment in various contexts either without any modifications or after being adapted to suit specific researcher needs (Rickards, den Brok, Bull and Fisher 2003) . The WIHIC has consistently been found to be reliable, valid, and useful in numerous studies involving innovative undergraduate science courses, various subject areas, various languages, use of technology in education, and different grade levels in the United States, Canada, Singapore, the United Kingdom, Korea, Australia, Hong Kong, Indonesia, India, South Africa, the United Arab Emerates and Taiwan (Chionh and Fraser 2009; Dorman 2003 Dorman , 2008 Fraser and Raaflaub 2013; Helding and Fraser 2013; Khoo and Fraser 2008; Kim, Fisher and Fraser 2000; Koul and Fisher 2004; Long and Fraser 2015; Martin-Dunlop and Fraser 2008; Fraser 2004, 2005) . Therefore, a modified version of the WIHIC, containing specific scales suited for our particular research project, was used to assess the learning environment of environmental science field-study classrooms.
Assessing attitudes to science with TOSRA
The promotion of favourable science-related attitudes is considered to be one of the most important aims of science education in many countries (Kind, Jones and Barmby 2007; Osborne, Simon and Collins 2003; Tytler and Osborne 2012) . Our study included students' attitudes as an important criterion in assessing the effectiveness of students' experiences at the field study centre. The Test of Science Related Attitudes (TOSRA) was designed to measure seven distinct science-related attitudes among secondary school students (Fraser 1978 (Fraser , 1981 . By using selected scales from the TOSRA, researchers can investigate whether students' attitudes and enjoyment in science lessons can be influenced by the learning environment. We selected TOSRA's Enjoyment of Science Lessons scale (Fraser 1981) for our study. Because time constraints, only 7 of the 10 items in the original Enjoyment scale were used.
Negatively-worded items found on the original TOSRA scale were omitted or reworded to avoid confusion among students as recommended by Schriesheim et al. (1991) . TOSRA has been found to be valid and useful in many studies around the world (Fraser, Aldridge and Adolphe 2010; Fraser and Raaflaub 2013; Kim, Fisher and Fraser 2000; Wong and Fraser 1996) .
Combining informal and formal education and science education centres and museums (SECSMS) Science educators have extolled the merits of informal or free-choice settings for learners of all ages (Falk and Dierking 2012) . Also researchers such as Soper (2009), Wellington (1990) and Zinicola and Devlin-Scherer (2001) have attempted to combine formal and informal learning environments. Hofstein, Bybee and Legro (1997) attempted to link the two learning styles by using guidelines established by the National Science Education Standards (National Research Council 1996) . Bybee (2001) further states that the goal in combining formal and informal learning environments is to achieve scientific literacy. Hofstein and Rosenfeld (1996) suggest that future research into science education should show "how to effectively blend informal and formal learning experiences in order to significantly enhance the learning of science" (p. 107).
One of the major drawbacks of SECSMs is the novelty factor. Learners can be distracted when subjected to a novel environment and can spend too much time adjusting to a new environment and this can direct them away from actual learning (Falk, Martin and Balling 1978; Kubota and Olstad 1991; Martin, Falk and Balling 1981) . However, because novelty wears off, some research suggests that students learn more when multiple visits to SECSMs are provided (Balling and Falk 1980; Falk 1983; Falk and Balling 1982; Price and Hein 1991) .
The learning environment at the Biscayne Nature Center for Environmental Science (BNCEE) can be considered a hybrid of formal and informal learning environments. Students voluntarily attend a two-day program (informal). Parents have the choice of not allowing their children to participate in the informal program, unlike compulsory attendance in formal education. A structured curriculum is a feature of formal learning environments and, at the BNCEE, there is teacher-led (formal) instruction by six certified teachers and a state-of-the-art laboratory where students engage in hands-on laboratory experiences (formal). The learning at the BNCEE is conducted in all three of the types of learning environment, namely, classroom, laboratory and outdoors, as described by Orion, Hofstein, Tamir and Giddings (1997) . The BNCEE can also be considered an informal learning environment because it is not recognised as a formal school by any accreditation body, there is no formal assessment, and there are less directly-measured outcomes.
The BNCEE field-study encompasses two days, with different activities being held on each day depending on the availability of time, the size of the group of students, and weather and tide conditions. The main activities include a walk through the hardwood hammock, catching marine organisms in the seagrass beds just off the barrier island, a mangrove forest walk, and a science laboratory activity. When collecting marine organisms, students work in pairs, with one student being given a landing net and the other a bucket. A group of up to 20 students, led by a teacher from the BNCEE staff, go into the waist-deep water off the barrier island of Key Biscayne.
Students take turns dragging the net into the seagrass beds where they attempt to catch a myriad of marine organisms, including fish, crabs, echinoderms, algae and shrimp. All organisms are kept in buckets and later brought to the beach, where students divide them into different phyla, from the least to most complex. The teacher then engages the students in a conversation about the different types of organisms, their physiology and their adaptions for survival before the organisms are released back to the seagrass beds and the students return to the centre.
On the second day, two activities are planned. The first is a nature walk through the hardwood hammock (marine coastal forest) when students undertake leafrubbings of the various types of indigenous and exotic plants found in the hammock.
The BNCEE teacher also describes the features of the ecosystem and points out the different organisms and their adaptations for survival. The other activity is a two-hour experience in a state-of-the-art laboratory that is equipped with 17 50-gallon salt water aquariums filled with a diversity of native flora and fauna specimens. Students engage in a variety of hands-on, active-and cooperative-learning experiments, observations, data collection and short report writing.
Limited English Proficient (LEP) learners
In our study, we investigated the differential effectiveness of field-study classes for students of differing English-language abilities. Large-scale instructional interventions aimed at promoting achievement and equity in science and literacy for linguistically-and culturally-diverse school students have been undertaken (Cuevas et al. 2005) . The science education community has made strides in providing opportunities for multicultural and multilingual students (Fradd and Lee 1999; Lee 2002; Rosebery, Warren and Conant 1992; Warren et al. 2001a Warren et al. , 2001b ). Learning science is demanding for most students, but particularly challenging for LEP students (Lee and Avalos 2002) . In Florida, the State Department of Education uses the term Limited English Proficient (LEP) to refer to students learning English as a new language.
Although most states in the USA require that all elementary LEP students receive the same amount of instructional time as English-proficient students, LEP students are often removed from core content instruction to receive instruction for English language development (Fleishman and Hopstock 1993; Thomas and Collier 2001) . Thus, LEP students might not be exposed to science content until they have become English proficient, at which time they are mainstreamed into regular classrooms (Lee and Avalos 2002) . Although LEP students might develop general literacy and social language, students who are, or appear to be, English proficient might not be proficient in learning the more complex academic language of science (Cummins 1984 (Cummins , 1986 Scarcella 2003) . Therefore, in our study, we investigated the differential effectiveness of field-study classes for LEP learners and native-English speakers.
Gender issues and science education
Over the last 30 years, extensive research has been carried out on gender and education, especially for the subject of science (Baker 2012; Kahle and Lakes 1983; Kelly 1987; Parker, Rennie and Fraser 1996; Rich 2004) . Because of the loss of interest in science among girls in school, there is an under-representation of women in occupations in science. Referring to a report by the German Ministry of Education (BMBW), Schwedes (2006) states that, of the girls starting vocational training in 1988, only about 5% chose a profession in science and engineering (excluding medicine). Baird (1997) notes that women represent only 12% of working scientists in the United
States. Brickhouse (1994) and Shroyer, Backe and Powell (1995) report that many women lack the science skills to enable them to be active members in our ever-growing technological world. Barriers to females' participation and achievement in scienceincluding parental values, the masculine image of science, disenfranchising teaching methods, and non-inclusive curriculum materials -are reviewed by Baker (2012) .
Our research attempted to add another strategy to existing research and programs that are currently addressing gender issues in science education by investigating the differential effectiveness of the field-study classes for students of different genders.
Research methods
The study used a comparative research design in which two different types of learning environments were compared and contrasted: traditional environmental science classes; and field-study classrooms at the BNCEE. Students from schools visiting the BNCEE completed a questionnaire at lunchtime on the second day of their two-day session in order to provide comparative information about students' school-site classrooms and BNCEE in terms of learning environment and attitude criteria.
WIHIC and TOSRA questionnaires
In evaluating the effectiveness of field-study classrooms, we utilised questionnaire scales assessing both classroom learning environment and student attitudes to science.
We assessed the learning environment with salient seven-item scales chosen from the What Is Happening In this Class? (WIHIC) questionnaire: Investigation (emphasis on the skills and processes of inquiry and their use in problem solving and investigation);
Cooperation (extent to which it is important to complete activities planned and to stay on the subject matter); and Equity (extent to which students are treated equally by the teacher) (Aldridge, Fraser and Huang 1999) .
Our study included students' attitudes to science as an important criterion in assessing the effectiveness of the field-study centre. We chose the Enjoyment of Science Lessons scale from the Test of Science Related Attitudes (TOSRA) (Fraser 1981) for assessing attitudes in our study. Because of time constraints, only seven of the ten questions in this scale were used. Negatively-worded items in the original TOSRA scale were omitted or reworded to avoid confusion among students.
The modified survey had a side-by-side response format. Next to the questions there are two columns for responses, one for students to rate their traditional classroom and one for their perceptions of their field-study classroom. The response alternatives were altered slightly from those in the original WIHIC. The response alternatives in the original WIHIC are Almost Never, Seldom, Sometimes, Often and Almost Always. The Seldom response was changed to Rarely, a term better understood by fifth-grade students. In order to provide consistency between the WIHIC's and TOSRA's response formats, the same response alternatives were also used for the TOSRA scale. The items were scored as 1, 2, 3, 4 and 5, respectively, for these five response alternatives.
Content validation and pilot study
Once we had assembled our four-scale questionnaire for assessing the learning environment and attitudes among grade 5 students, we checked its content validity by seeking the assistance of six science teachers from the region and three science advisors/consultants from the local school district. These educators provided their opinions about the validity of questionnaire items for assessing the intended constructs and their suitability and readability for use among students in the target age group.
A pilot study, undertaken to check the suitability of the questionnaires for use in the main study, comprised the two phases of (1) analysis of the comprehensibility of questionnaires and (2) field testing of the questionnaire for reliability and validity of the survey. The comprehensibility of the questionnaire was explored with a small group of 25 students to check whether they understood the questions. The students
were given approximately 30 minutes to complete the survey containing WIHIC and TOSRA scales. Once the survey had been completed, the 25 students were interviewed. In an attempt to include researcher triangulation, the researchers' assistants also conducted the short interviews.
The WIHIC and TOSRA scales were administered to 125 students during lunchtime on the second day of the two-day field study class. The main purpose of the field testing was to check whether modified versions of the WIHIC and TOSRA were valid and reliable when used with 5 th grade students in this unique field-study setting.
No follow-up interviews were undertaken. The overall composition of the pilot sample responding to the survey reflected roughly the breakdown of the population of Miami-Dade County in terms of student race, ethnicity, culture and language proficiency. Each class was supervised by a teacher, parent or chaperone while a researcher administered the questionnaires. Once all the data were collected, statistical analyses were run to check the validity and reliability of the questionnaire.
The pilot study revealed three patterns. The modified WIHIC and TOSRA scales had satisfactory factorial validity and reliability. Second the instructions, questions, vocabulary and layout of the questionnaire were clear and easily understood by the majority of students interviewed. Third, the students interviewed did not feel pressured, pressed for time, nervous or distracted while answering the questionnaire. Therefore, we used the same questionnaire with confidence in the main study.
Sample for main study
The modified WIHIC and TOSRA scales were administered to 765 students during lunchtime on the second day of the two-day field study class. White/non-Hispanic, and 56 Multiracial or other.
Results
Factor structure and reliability of WIHIC and TOSRA scales The WIHIC, developed by Fraser, McRobbie and Fisher (1996) , was modified for use with fifth graders, aged 9-13 years, for this study. Three of the seven original learning environment dimensions were utilised -Investigation, Cooperation and Equity -for both the home school science classes and BNCEE field-study classes. All seven items in each dimension were used, making a total of 21 questions. The Test of Science Related Attitudes (TOSRA), developed by Fraser (1981) , was modified for use in this study. Because of time constraints, a modified seven-item version of only the Enjoyment of Science Lessons scale was used. A listing of the items in our questionnaire is provided in the Appendix.
To determine the factorial validity of the four WIHIC and TOSRA scales, principal axis factor analysis with varimax rotation and Kaiser normalisation was carried out. Separate factor analysis was conducted for the home school science classes and BNCEE field study-classes. The criteria for retention of any item were that its factor loading must be at least 0.40 on its own scale and less than 0.40 on each of the other three scales. A loading of 0.40 is a widely accepted cutoff value in factor analysis (Fraser, Aldridge and Soerjaningsih 2010; Quek, Wong and Fraser 2005) .
Upon inspection of the first factor analysis, Item 11 from the Cooperation scale was removed as a result of a low factor loading for this item on its own scale. The remaining 27 items all had factor loading of at least 0.40 on their a priori scale and less than 0.40 on the three other scales for both home school science classes and BNCEE field-study classes. The factor analysis results are reported in Table 1 . Overall effectiveness of BNCEE and differential effectiveness of BNCEE for students differing in sex and English proficiency
Our second research question involved whether BNCEE field-study classes were more effective than the home school classes in terms of the four learning environment and attitude scales. Our third research question focused on whether, in terms of learning environment and attitudes to science, BNCEE field study classes were differentially effective for males and females and for LEP and native English speakers. In order to answer these two research questions, we conducted a three-way MANOVA with repeated measures on one factor. The set of dependent variables consisted of the four learning environment and attitude scales (namely, Investigation, Cooperation, Equity and Attitudes). The instructional method (BNCEE field study classes or home school science classes) was the repeated-measure independent variable. The other two independent variables were student sex and English proficiency. The sample consisted of the same group of 765 students. For the purposes of the analysis, native English speakers were considered to have high English proficiency and LEP students were considered to have low English proficiency.
The BNCEE was considered to be differentially effective for students differing in English proficiency if the two-way interaction between instructional method and English proficiency turned out to be statistically significant. Similarly, the presence of a significant instruction x sex interaction revealed that the BNCEE was differentially effective for male and female students.
MANOVA yielded some statistically significant results overall, using Wilks' lambda criterion, for the set of four dependent variables. The instruction effect was statistically significant (p<0.01) in the multivariate test. As well, both the English proficiency effect and the instruction x English proficiency interaction were statistically significant. However the other main effect (sex) and the other two-way interaction effects (instruction x sex, sex x English proficiency, and the three-way instruction x sex x English proficiency) all were nonsignificant in the multivariate test. English proficiency, instruction x sex, and instruction x sex x English proficiency (with males' attitudes scores being slightly higher than females' attitude scores). Table 2 Clearly, BNCEE was differentially effective for students differing in English proficiency. (However, Table 2 shows that the BNCEE was not differently effective for males and females as the instruction x sex interaction was nonsignificant for every dependent variable).
TABLE 3 ABOUT HERE
To further illuminate differences between the BNCEE and home school science classes in terms of students' perceptions of the learning environment and attitudes to science, the average item mean was calculated. Table 3 shows the average item mean and average item standard deviation for students in field-study classes and home school science classes for each of the three classroom environment scales and one attitude scale. This table indicates that scores were considerably higher for field-study classes than for the home school science classes in terms of learning environment and attitudes. Table 3 for the attitude scale. These effect sizes can be considered large (Cohen 1988) .
TABLE 4 ABOUT HERE
In order to interpret the instruction x English proficiency interactions, the average item mean for each learning environment and attitude scale is shown separately for BNCEE and home school classes and for native English speakers and LEP students in Table 4 . This table also provides separately for native English speakers and LEP students the average item standard deviation and the magnitude of the difference between BNCEE and home school classes expressed as effect sizes (Cohen's d or the number of standard deviations). Table 4 shows that the magnitudes of differences between BNCEE and home school classes were large for both LEP students and for native English speakers, but that these magnitudes are much larger for LEP students (with effect sizes ranging from 2.64 to 3.41 standard deviations) than for native English speakers (effect sizes ranging from 0.61 to 0.91 standard deviations).
FIGURE 1 ABOUT HERE
The interpretation of each of the four significant instruction x English proficiency interactions is highly similar and is illustrated graphically in Figure 1 for one scale (namely, Investigation) which shows the average item mean for each of the four groups (BNCEE/native English speakers, BNCEE/LEP students, home school/native English speakers, home school/LEP students). Figure 1 shows that BNCEE classes were more effective than home school classes for students of both high and low English proficiency on all four criteria. But, relative to home school science classes, BNCEE classes were considerably more effective for LEP students than for students who are native English speakers.
Discussion and conclusion
This study further validated the What Is Happening In this Class (WIHIC) questionnaire for assessing informal classroom learning environments with a sample of 765 Grade 5 students (ages 9-13 years) at a field-study center. The WIHIC demonstrated satisfactory internal consistency reliability and factorial validity.
Once the validity of the WIHIC questionnaire was established, data were further analysed to answer another research question about the effectiveness of fieldstudy classes. Overall, BNCEE field-study classes were more effective than the home school science class in providing students with a more favourable learning environment where students can perform investigations, cooperate with other students and be treated equally with other students. As well, students' enjoyment of studying science was more positive in field study classes.
Our third research question involved the differential effectiveness of fieldstudy classes for students differing in sex and English proficiency. Analyses of the data suggested that the BNCEE Field Study Class was differentially effective for students differing in English proficiency. Relative to home school science classes, BNCEE was considerably more effective for LEP students than for students who are native English speakers.
This study had its limitations. Because the students who responded to the questionnaires did not attend the Biscayne Nature Center for Environmental Education (BNCEE) on a permanent basis, there were some logistical complications.
On the first day of the two-day program, students were given a permission form informing parents and/or guardians of the intended research project and their children's possible participation in that project.
Another limitation of this study was the shortness of the instructional treatment. The students only stayed at the field-study centre for two days. If students had stayed longer, their attitudes towards science and perceptions of the learning environment perceptions might have changed further, thus altering the results of the study. In a future study of field-study classrooms, it is recommended that the questionnaires be administered to students who have attended more extensive fieldstudy classes. Because of time constraints and in attempt not to interfere with instructional time, the questionnaire (28 items) was short.
A limitation relates to the generalisability of results. Students from only 17 of the 222 elementary schools in Miami-Dade County Public Schools were sampled for this study. To enhance the generalisability of findings, students from more elementary schools should be encouraged to attend the field-study program and subsequently complete the questionnaires.
There were issues of potential researcher bias because one of the principal investigators was also a teacher at the BNCEE (and he could have made extraordinary efforts when teaching in the field so as to influence students to answer questionnaire items more favourably). Therefore, questionnaires were administered only to 735 students whom were not personally taught by this teacher/researcher.
During the study, students' behaviours might have been altered because they knew that they were being studied; this is called the Hawthorne effect (Franke & Kaul, 1978) . In a future study, and to minimise the Hawthorne effect, there are several steps that the researcher could take. First, researchers could inform the students' teachers to include the parental permission forms with the other forms required for the field trip. Secondly, the researcher could give all students some kind of activity to undertake during questionnaire administration. Children who brought a signed permission form could be given the questionnaire, whereas those without permission could be given some kind of post-field course assessment (e.g. a quiz or a reflective essay).
Although the methods of data analysis employed in our study were rigorous and adequate for our research purposes, all analysis methods have limitations and could have been supplemented by additional useful analyses. In particular, our exploratory factor analysis could have been supplemented by confirmatory factor analysis and our use of MANOVA could be supplemented by use of multilevel analysis.
The study was pioneering in that it explored differences between traditional classrooms and field-study classrooms in terms of students' perceptions of the learning environment. Few prior learning environments studies have addressed multidisciplinary science research and field-study classrooms. The side-by-side format of the questionnaire is also unique. One of the major aims of this study was to create a science learning environment questionnaire that would be suitable for 5 th grade, 9-13 year-old students. Because the questionnaire containing three WIHIC scales and one attitude scale was found to be valid and reliable, it could be used in further research (e.g. comparing traditional classrooms and non-traditional classrooms). The non-traditional classroom in this particular study happened to be a field-study, outdoor-education classroom.
Other research in non-traditional classrooms, such as museums or aquariums, could use this type of assessment tool.
One of the most definitive statements in support of the National Science Education Standards (NSES) is that "the classroom is a limited environment, and the school science program must extend beyond the walls of the school to the resources of the community" (NRC, 1996, p. 45) . According to the NSES, these include colleges, universities, parks, museums and nature centres. Our study further validated the NSES statement about the importance of field-study classrooms and programs for encouraging awareness of environmental issues and concerns in South Florida. The field-study classrooms frequently involved constructivist approaches, with a strong emphasis on 'hands-on' science education. Furthermore, we investigated whether field-study classrooms provide a positive and enjoyable learning environment for the study of environmental sciences.
Finally, our research investigated the differential effectiveness of field-study classes for LEP and native-English speakers, as well as for males and females. Handson science field-study classrooms were especially effective in promoting the learning environment and positive student attitudes towards science among students with limited English proficiency.
The findings of our research have several simple practical implications for science education. First, because we found that our field-study classrooms provided a positive and enjoyable learning environment, we recommend their more-frequent use in the teaching of environmental sciences. Second, in particular, we recommend the use of field-study centres especially among students with limited English proficiency because of their differential effectiveness with this subgroup of students. Finally, we recommend that others use our unique, economical and validated questionnaire for assessing learning environment and student attitudes in non-traditional out-of-school settings; this questionnaire is provided in the Appendix. 
